This note considers the impact of major scheduled U.S. macroeconomic announcements on the COMEX gold futures market in a high-frequency setting. A VAR-GARCH framework identifies the significant relationship between the release of macroeconomic news and measures of market activity. There is a well-defined link between (higher) volatility, (higher) trading costs, and (lower) transaction volume.
Introduction
Owing to its importance in price formation, the incorporation of economic news into asset prices has been the subject of extensive research for more than three decades; the role of scheduled macroeconomic announcements has been frequently examined since the news events are readily identifiable and have implications for market efficiency. Importantly, market efficiency dictates that the expected portion of an announcement should have no effect on asset prices, instead it is the surprise (news) component that the market responds to (Andersen et al., 2003; Kim et al., 2004; Smales, 2013) . Further, Fleming and Remolona (1997) suggest that daily data are not sufficient to cleanly capture the market reaction.
Much of the extant literature has focused on the stock, bond, and foreign exchange markets. Flannery and Protopapadakis (2002) and Nikkinen et al. (2006) employ GARCH models for U.S. equity returns, while Chen et al. (2013) consider U.S. stock futures, to investigate the importance of macroeconomic news and report that key announcement surprises significantly affect both the level and volatility of returns. Becker et al. (1996) and Balduzzi et al. (2001) show that a number of economic announcements affect U.S. Treasury bond prices, with inflation and employment data having the largest impact. Andersen et al. (2003) examine the relationship between macroeconomic news and the U.S. dollar exchange rate against six major currencies, while Galati and Ho (2003) and Ehrman and Fratzscher (2005) consider the euro-dollar exchange rate response, reporting that U.S. macroeconomic news tends to have a greater impact on returns and volatility than news from other countries.
Only limited attempts have been made at investigating the impact of macroeconomic news on commodity prices. Christie-David et al. (2000) report gold prices respond to the news component of the consumer price index, gross domestic product, the producer price index, and the unemployment report. Cai et al. (2001) report similar results for intraday volatility with personal income as an additional significant announcement. Most recently, Elder et al. (2012) consider the period 2002-2008 and report that the response to economic news is both swift and significant, and that announcements reflecting an unexpected improvement in the economy tend to have a negative impact on gold and silver prices. Roache and Rossi (2010) suggest that the results for gold relate to its status as a "safe-haven".
Using transaction level data, aggregated into 30-second intervals, we investigate the response in COMEX gold futures market activity for the 1-hour period 1 around U.S. macroeconomic announcements. Graphical analysis identifies a significant impact on market activity induced by macroeconomic news. A more formal analysis is conducted in a VAR-GARCH framework; confirming the significant effect of macroeconomic news on trading costs, returns, volatility of those returns, and trading volume. Notably, we find that increased volatility induces wider spreads that results in lower transaction volume. is standardized using their respective standard deviations, to enable comparison of coefficients on announcements with different magnitudes. In particular, for announcement type k on day t, the news surprise is defined as:
Data
Where Akt is the actual value of the data release, Ekt is the (Bloomberg) market survey expectation, and σk is the standard deviation of the news component (Akt -Ekt). The news components are calibrated so that a positive value represents data that is stronger than expected with regards economic growth, and a negative value represents weaker than expected economic growth.
Summary statistics for the gold futures market are provided in Panel A of Table 1 . The mean value for all variables is greater in the 30-second interval following announcements. The average absolute return is close to zero, there is evidence of a high degree of kurtosis (fat-tails) typical of asset price returns, and no significant evidence of return autocorrelation. High degrees of kurtosis, skewness, and positive autocorrelation are apparent for volatility, BAS and volume measures; typical of the volatility clustering identified in time-series by Engle (1982) and Bollerslev (1986) . For all variables the unit root is rejected at a high level of significance. Panel B
shows that macroeconomic news tends to be positive on average, i.e. analysts underestimate the strength of economic data releases.
<Insert Table 1> 3. Empirical Evidence
Impact of macroeconomic announcements
We first gain an insight into the impact of macroeconomic news on market activity by considering the unconditional response to data releases. We analyse 30-second intervals around the scheduled data release, capturing 30 intervals (15-min) prior to the announcement and 90 intervals (45-min) afterwards. Figure 1 shows the average reaction for each of the market activity variables around announcements, and contrasts with activity at the same time on days without major announcements. There is a clear jump in all measures of market activity as the announcement is released, this subsides to a level statistically indistinguishable from nonannouncement days within 3-minutes (6 intervals). A spike in market activity of a lower magnitude is also registered as the trading pit opens in Chicago (10-minutes prior to the release).
<Insert Figure 1> VAR-GARCH Model
The vector autoregressive (VAR) process for the endogenous variables (traded volume, period return, realized variance, and bid-ask spread) around exogenous scheduled macroeconomic releases is specified:
Where Γi and Ξ denote coefficient matrices 6 . To capture the impact of the macroeconomic surprise effect, a news variables Nt is defined; this is equal to the summation of the values for macroeconomic news occurring during interval t calculated using Eq. (1). In order to account for GARCH effects in the error term of the VAR model, a diagonal VECH specification 7 is utilized:
Where C is a vector of constants, while A and B are the parameter matrices for ARCH and GARCH terms respectively. The model is applied to all appropriate trading intervals (8:15am -9.15am) for the 1,532 trading days in the sample. Results are reported in Table 2 8 .
<Insert Table 2> Considering 6 Akaike Information Criteria (AIC) are utilized to obtain optimal lag length, with the first two lags reported here. 7 A VECH(1,1) specification is adopted on the basis of AIC and in consideration of computational issues. 8 The reported results are robust to the ordering of variables.
<Insert Figure 2> The impulse response of market activity to macroeconomic news is depicted in Figure 2 .
Returns, volatility, bid-ask spreads, and volume increase immediately following the release of macroeconomic news. The shape of the response indicates the time taken for news to disseminate through the market; the impact is short-lived with volatility and returns returning to normal within approximately 2½-min (5 x 30-sec intervals).
Conclusion
An increasing number of investors are utilizing investments linked to the price of gold, in order for rational portfolio choices to be made it is necessary to have an understanding as to how important news events impact market activity. This article finds evidence to suggest that major scheduled macroeconomic announcements have a significant influence on market activity as measured by returns, volatility, spreads, and trading volume. Having identified an impact via graphical analysis a more formal analysis is conducted in a VAR-GARCH framework. Empirical evidence confirms the significant effect of macroeconomic news, and the relatively quick speed with which news is disseminated throughout the market and activity returns to normal. There is a well-defined relationship between trading costs (measured by bid-ask spreads), volatility and trading volume, such that increased volatility induces wider spreads that results in lower transaction volume; such results are consistent with the extant literature. Response of Returns to Macroeconomic News This table presents The table provides estimation results for the VAR-GARCH model outlined in equation 2 & 3. Optimal lag length is chosen using AIC with 2 lags reported. *** denotes significance of the coefficient estimates at the 1% level, ** at the 5% level, and * at the 10% level. 
